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Abstract—The alpha spectroscopy performance and electric
current stability of 4H-silicon carbide Schottky devices with 50
µm epitaxial layer was examined at temperatures between 300
to 500 K at 50 K intervals. An activation energy of 5.98 ±
0.64 meV was extracted from temperature dependent resistivity
measurements. The Schottky barrier height decreases from 1.33
eV at 300 K to 1.11 eV at 500 K and the ideality factor increases
from 1.17 at 300 k to 1.79 at 500 K. The reverse bias leakage
currents stabilises faster at higher temperatures. The charge
collection efficiency is above 90% for temperatures up to 500 K.
Pulse height spectra collected for 24 hours at constant voltage
and temperature show improvements with time within the first 8
hours and remained stable for the remainder of the acquisition
time. The peak width of the alpha spectra reduces significantly
with increasing temperature at applied bias voltages below 50
V, which indicates that leakage currents are not the limiting
factor in those conditions even at 500 K in our set up. So far,
the devices indicate reasonable stability for extended periods of
operation and highlight possible applications in harsh radiation
media.
Index Terms—Silicon carbide, harsh radiation media, Schottky
barrier height, ideality factor, epitaxial semiconductors, stability,
noise.
I. INTRODUCTION
S ILICON carbide (SiC) devices have been receiving con-siderable attention in recent years because of their prop-
erties that make them excellent candidates for harsh radiation
media applications. Harsh radiation media are characterised
by high temperature, high radiation fluence, high pressure and
sometimes vibration. These conditions are present in nuclear
reactor cores and oil and gas prospecting. Due to their wide
band gap (3.2 eV for 4H-SiC at room temperature) [1], limited
leakage current even at elevated temperatures (in excess of
200°C) [2], SiC devices are ideal for harsh environmental
applications. In addition, the devices are chemically and me-
chanically stable [2]–[4]. They are widely used for nuclear
radiation detection [5]–[11] . Other potential areas requiring
High Temperature Electronics (HTE) include nuclear well
logging, aerospace and space craft as well as automobile
industries. The well logging sector is one of the largest areas
that operates at high temperatures. The temperature ranges
from 75 °C up to 312 °C, for logging that takes longer periods
[12], [13]. This increase in required operating temperature
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is expected to continue to match the corresponding increase
in the desired depth of investigation. In addition to the
high temperature exposure, sometimes sensors are exposed
to vibrations and shocks [14]. Therefore, demand for new
materials and technology that can cope with harsh radiation
environments is one of the central challenges in nuclear
radiation detection applications.
The characteristics of the metal-semiconductor interface
are as important as the charge transport properties of the
bulk material because the devices are subjected to harsh
environments. The two important parameters are Schottky
barrier height (SBH) and ideality factor (IF). Ha and Kim
[15] observed spatial non-uniformity in barrier height for 4H-
SiC/Ni interface with increasing temperature. They believed
that the cause of this anomaly arises from potential fluctuations
caused by crystal defects, inhomogeneous doping and other
related defects. On the other hand, the model suggested by
Tung [16] predicts the presence of non-uniform regions or
patches locally, with relatively low and high barrier height.
Since IF and SBH are strongly dependent on temperature,
Gaussian distribution suggested by Werner and Gu¨ttler [17]
can successfully explain the I-V(T) characteristics of semi-
conductor devices [18].
One of the earliest works on the suitability of using SiC
for high temperature applications was conducted by Babcock
and Chang [19]. The study involves exposing a SiC (p–n
junction) detector to alpha radiation at high temperatures;
extending up to 800 °C. They observed that the magnitude of
capacitance increases as the temperature is raised, implying
that more carriers become ionized. Because they expected too
much noise generation as a result of thermal agitation, they
recorded the alpha spectra at high temperatures at zero bias
voltage. This restriction of bias voltage would deny the chance
of knowing the effect of temperature on the voltage dependent
charge collection efficiency (CCE). In addition, a single cycle
(heating and cooling once) was used for the high temperature
measurement, limiting the understanding of structural changes
in the devices as a result of heating and cooling. Garcia et
al. [20] demonstrated the possibility of operating the devices
for more than 10 cycles; however they suggested further
investigation for extended periods of exposure, using devices
with increased thickness of Schottky contacts (i.e. 200 nm).
In a similar development, Ha and Kim [21] investigated the
thermal dependence of properties of p-n-n–type SiC detector
for application in harsh environments. Their measurement of
alpha spectra above room temperature was also carried out
at zero bias. The reduction in CCE was relatively small but,
there was significant broadening of the peak beyond 12 Volts
bias. In an attempt to to use a UV SiC detector for radiation
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detection in harsh media, Metzger et al. [22] exposed 6H-SiC
UV detector to Gamma-rays, protons and neutrons radiation
under high temperature. The response (induced current versus
dose rate) of the device was linear with respect to Gamma
radiation at high temperatures up to 200 °C. With 1000 kGy
(Air) dose of Gamma-rays, 8.5 × 1012 cm-2 fluence of 32 MeV
protons and 4.1 × 1012 cm-2 fluence of 14 MeV neutrons, the
device performance did not change significantly. Beyond 200
°C, the response of the device was significantly affected.
Other studies conducted at high temperature involve the use
of Schottky SiC devices operated at about 100 °C. Ruddy et
al. [23] compared the alpha detection properties of Schottky
and p-n junction (4H-SiC) devices between 22 and 89 °C and
discovered that the Schottky devices have better resolution
than the p-n junction ones. Additionally no temperature effect
was noticed in the devices. This was supported by Nava et
al. [24], who used 4H-SiC Schottky devices for alpha and
beta detection at increased temperatures up to 94 °C. In the
most recent investigation, Kalinina et al. [25] demonstrated
that an Al-ion implanted p–n junction (SiC) can be operated
effectively in the temperature range of 20 – 500 °C. They also
established that CCE increases with raising temperature and
the overall noise of the system reduces at higher temperatures.
The former was attributed to an increase in holes diffusion
length with temperature, while the latter was due to annealing
of some radiation defects.
Although temperature effects are important in studying the
performance of these devices, high radiation fluence (precisely
protons and neutrons) has a greater effect on their detection
ability. Nava et al. [26] have presented a comprehensive review
in this regard. In the paper, particular emphasis was given to
the CCE and resolution degradation of the devices under high
radiation fluence.
In most of the studies published for charge particle radiation
detection at high temperature using SiC devices, the observa-
tions are either limited to 100 °C, or the spectral acquisition
was carried out at single bias voltage. In some cases no voltage
was applied at high temperature. Also, the long term stability
of the devices at high temperatures has not been reported yet.
In this paper we report for the first time, high temperature
stability studies of 4H-SiC epitaxial detector used for alpha
particles detection and the variation of CCE with applied bias
under different temperatures. Charge transport properties as
well as metal-semiconductor junction characteristics were also
studied.
II. METHOD
The SiC Schottky device used in this research was processed
by Alenia Marconi Systems (AMS) from 50µm thick n-type
4H-SiC epitaxial layer [ND −NA = 5 × 1014 cm−3] grown
on n+-type 4HSiC wafer (16-30 micropipes/cm2) manufactured
by Cree Inc. (see Fig. 1). Details of the fabrication processes
are available in [27]. The diode of 10 mm×10 mm area was
diced from a 2” substrate.
Current signal as a function of voltage applied to the
top surface of the samples was measured in air at room
temperature in the absence of light with a Keithley 487
SiC-Epi layer 50 µm (n)
SiC-substrate 360 µm (n+)
Ni/Au Schottky contact 
(5 mm diameter)
Ti/Pt/Au Ohmic contact  
Fig. 1. Schematic representation of the 4H-SiC device used in this study
picoammeter, integrated with a voltage source that was used
as bias supply. The device under test (DUT) is normally
connected in series to a 10 kΩ resistor (Figure 2). Additional
leakage current was measured in vacuum from 300 ± 0.1 K
to 500 ± 0.1 K. The temperature was controlled by means of
an Oxford Instruments’ Microstat which comprises a cryostat,
temperature controller connected to the hot finger in the
cryostat and vacuum pump. Because of the voltage drop at
the 10 kΩ resistor caused by relatively large leakage current
in the forward bias, a voltage correction was made such that
the voltage reaching the DUT is given by
V = Va − Vd (1)
where Va is the applied voltage and Vd is the voltage drop
across the series resistor. Also, the use of the 10 kΩ resistor
slows down the breakdown effect by giving some time constant
to the circuit. The ideality factor n, and barrier height ΦB ,
Cryostat Lid 
Cryostat 
Detector
Release valve
Vacuum pipe
Hot copper plate
Vacuum 
pump
Voltage
current
Keithley
10 kΩ
Fig. 2. Experimental set up for I/V measurement at elevated temperatures
were determined from thermionic emission theory equations 2
and 3 [28]
J = Js
(
exp
(
qV
nkT
)
− 1
)
(2)
Js = A
∗T 2exp
(
−qΦB
kT
)
(3)
where A∗ is the Richardson constant taken as 146 cm−2K−2
for SiC [29], V the forward voltage, q electronic charge, k
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Boltzmann’s constant and T the temperature. Current stability
was measured by subjecting the devices to high temperatures
for 20 minutes. Resistivity values extracted form the high
temperature forward I/V curves were used to estimate the
activation energy from equation 4 [30]
ln (ρ) = ln (ρ0) +
Ea
kT
(4)
where Ea is the activation energy.
Capacitance of the devices was measured in air at room
temperature without light interference by applying bias voltage
to the top contact of the detector. An LCR meter (4284A)
incorporated with bias supply was connected to the detector
where it acts as voltage source while it measures the capac-
itance. Doping density ND and depletion thickness w were
obtained from equations 5 and 6 respectively [31]
ND =
2
qwAC d(1/C
2)
dV
(5)
w =
04H−SiCA
C
(6)
where A is the device area, 0 permittivity of free space,
4H−SiC material’s relative permittivity (6.7 for 4H-SiC [32])
and C the capacitance.
An uncollimated radioisotope (241Am α-source) with an av-
erage emission energy of 3.76 MeV and approximate activity
of 60 kBq was placed at about 20 mm above the SiC detector
(see Fig. 3). This source suffers from energy degradation
Preamp
Cryostat Lid 
Cryostat 
Adjustable source holder
Detector
241
Am Alpha Disc source
Release valve
Vacuum pipe
Hot copper plate Bias supply
MCA
Pulser
Computer
Shaping 
amplifier
Vacuum 
pump
Fig. 3. Set-up used for the high temperature spectroscopy.
due to the nature of its encapsulation. The source is sealed
within a disk of thin silver foil. This is in accordance with
American National Standards Institute classification for high
temperature rated sources. Spectral responses acquired from
241Am alpha emitting sources using a Si-pin diode under
the same condition including the one used in this study,
have shown clearly the shift in the spectrum of the emission
energy of the source in comparison to other sources. Fig.
4 is a comparison between the single alpha source used in
this study (241Am) and a triple alpha source (239Pu, 241Am
and 244Cm). The detector is biased via an Ortec (142A)
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0 . 2
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Fig. 4. Comparison of energy emission spectra between 241Am and 239Pu,
241Am and 244Cm triple alpha radiation sources
charge sensitive preamplifier with its output signal connected
(with a BNC cable) to the spectroscopy amplifier for signal
shaping. Finally, the multi channel analyser converts the signal
amplitude from the shaping amplifier into digital form which is
displayed on a computer using MCA software. Alpha spectra
were recorded for different applied bias voltages at different
temperatures; ranging from 300 to 500 K at intervals of 50
K. The radiation source and detector were placed inside a
temperature controlled cryostat. In addition, 241Am and pulser
signal peaks were collected simultaneously by injecting signal
form a 480 ORTEC pulser into the test input of the 142A
ORTEC pre-amplifier. The broadening of the pulser peak
recorded in this manner can be used to assess collectively
the effect of detector leakage current and that of the noise
form the front-end electronics to the overall resolution of the
detector [33]. Further, stability of the signal was studied by
fixing the values of temperature and bias voltage for longer
periods up to 24 hours. Spectra were recorded at intervals of
20 minutes. In this work, we consider stability to be reached
when the signal variations with time have dropped below 0.5%
of the signal value.
III. RESULTS AND DISCUSSION
A. I/V and C/V characteristics
Current conduction in the devices shows clearly their Schot-
tky behaviour at all temperatures. In the linear regime of the
forward I/V characteristics, the gradient varies only between
5.40 ± 0.42 × 10−4 to 5.93 ± 0.36 × 10−4 (Ω.cm)−1 over
the whole temperature range (Fig. 5). The slow rising part of
the forward I/V curve is as a result of barrier effect. In Fig. 6,
bulk resistivity values are plotted against temperature, yielding
an activation energy of 5.98 ± 0.64 meV. The IF shows a
consistent and linear increase with temperature up to 500 K.
Within this range the maximum and minimum values of IF
are 1.17 and 1.79 respectively (Fig. 7). On the other hand, the
SBH reduces with temperature increase from 1.33 to 1.11 eV
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Fig. 5. (a) Forward current density at low voltages from 300-500 K; (b)
Reverse current density measured at the same condition.
2 . 0 2 . 2 2 . 4 2 . 6 2 . 8 3 . 0 3 . 2
1 0 . 3 6
1 0 . 3 8
1 0 . 4 0
1 0 . 4 2
1 0 . 4 4
1 0 . 4 6
1 0 . 4 8
1 0 . 5 0
ln(R
esis
tivi
ty) 
(Wc
m)
1 / T  ( 1 0 0 0 / K )
 l n ( R e s i s t i v i t y ) L i n e a r  F i t  o f  l n ( R e s i s t i v i t y )
Fig. 6. Arrhenius plot with the fitted line that was used to calculate activation
energy.
within the range of 300 K to 500 K (Fig. 7). The increase
in ideality factor with increasing temperature indicates that
thermionic emission is dominant and, similar result has been
reported by Lee et al. [34]. As for the reduction in SBH,
it is possible that the temperature increase has increased the
effective dopant density in the device, which can reduce the
SBH so that thermionic field emission could take place [35].
Generally, recombination current (under low forward biases)
plays an important role in determining the departure of form
ideal behaviour of schottky diodes [35].
Leakage current as a function of bias voltage at room
temperature and above are presented in Fig. 8. The highest
leakage current at room temperature is approximately 3 nA;
when compared with the values obtained at higher tempera-
tures, it can be seen that the leakage current rises up to about
200 nA. Leakage current (monitored for 20 minutes) reaches
stable values faster at higher temperatures. As illustrated in
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Fig. 7. Ideality factor and barrier height at different temperatures. Significant
difference in the curves can be observed just after 400K.
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Fig. 8. Leakage current density as a function of reverse bias Voltage measured
at elevated temperatures (a) from 300–400 K and (b) from 420–500K.
Fig. 9, it can be observed that at 500 K the current stabilizes
just after the first two minutes while at lower temperatures
it takes up to 8 minutes or more before stability is achieved.
Disregarding the magnitude of the leakage current, it is clear
that the operation of this device is favoured more at high
temperatures.
The 1/C2 versus voltage is linear, indicating that the doping
concentration is constant throughout the active volume of
the device yielding a value of (16.3 ± 0.8) × 1014 cm-3 (
Fig. 10). The depletion thickness reaches 32.5 µm at 40V.
SRIM [36] simulation performed shows that the alpha particles
with energy similar to the source used have an average range
of 10.56 µm (i.e., for 3.76 MeV alpha particles). Therefore,
from the measured and simulated results, bearing in mind the
limitation of the measurement set up, there is full assurance
that most of the alpha particles striking the device surface will
cause ionization in the device’s active volume.
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B. Alpha spectroscopy
In order to examine the contribution of leakage current to
the overall noise in the system, pulser and 241Am signals
were recorded simultaneously and eventually full width at
half maximum (FWHM) was extracted from the pulser peaks
at various applied voltages and temperatures. The spectra
acquired from both sources simultaneously are presented in
Fig. 11. As observed from the figure, the pulser spectra
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Fig. 11. (a) FWHM from pulser as a function of voltage at various
temperatures; (b) pulser and alpha spectra recorded simultaneously at 500
K.
acquired during the alpha irradiation indicate low FWHM
fluctuation at higher operational temperatures. The FWHM
from the pulser tends to be constant and significantly lower
at 450 and 500 K than the room temperature value, even at
100 V bias. In contrast, FWHM increases with large values
(more than 3 times initial value) beyond 50 V from 300 to
approximately 400 K. Nevertheless, at 50 V bias and below,
the observed pulser signal width is minimum for all temper-
atures. The most important part of this result is the decrease
in FWHM with increasing temperature affirming that there is
limited contribution of leakage current to the overall energy
resolution of the system. This is consistent with observations
of Kalinina et al. [25] when they examined an aluminium-
implanted p–n junction SiC detector, as mentioned earlier in
section I. The CCE of the devices approaches 90% for most of
the temperatures (see Fig. 12). Although the leakage current
in the device at 500 K is low (less than 1µA), the large
input resistance of the pre-amplifier (100 MΩ) [37] has caused
significant voltage drop. This voltage drop was corrected using
equation 1. Surprisingly, there is remarkable reduction in
FWHM at higher temperatures. Comparing Fig. 11 to Fig. 12,
it is evident that at 450 K and 500 K, there is less effect of
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electronic noise to the FWHM at 90 V.
Stability: At 500 K and 100 V applied bias, the normalised
peak centroid position of 241Am increases from 0.9 to 1.0 over
8 hours and remains stable afterwards (Fig. 13). Furthermore,
the normalised pulse height variations after the first 8 hours is
insignificant (with standard deviation of 0.0024) and a similar
trend is observable in the normalised FWHM. At 450 K and
100 V bias the normalised peak centroid position of 241Am
reduces form 1 to 0.9 over 10 hours and remains stable
afterwards. The difference in the time to reach stability for
450 K and 500 K may be as a result of charge trapping and
de-trapping which could have reached an equilibrium at 500 K.
On the other hand, the device is barely stable at temperatures
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Fig. 13. Signal stability monitored for 24 hours at 500 K and 100 V bias. All
the parameters were normalized to their highest value. The maximum values
at 500 K of counts was 1.545 × 105, the peak centroid position 833.5 ch
and the FWHM 101.5 ch while the maximum peak centroid position at 450
K and 100 V bias is 875.1 ch. The voltage applied here is uncorrected one.
The levelling off of the centroid can be observed after 6 hours
below 450 K even at 50 V bias. Therefore, it is evident
from this result that the device becomes stable with increasing
temperature.
Looking at the stability of the alpha signal, leakage current
and the overall energy resolution from the system, it can
be established that the devices are more stable under high
temperatures. Thus, it may be possible to optimize the devices
for harsh radiation applications, precisely where there is need
for longer operation time.
IV. CONCLUSION
This work reports an initial study on the stability of alpha
particle induced signal over a 24 hour period at temperatures
up to 500 K at non-zero bias, which is relevant for applications
of SiC diodes for oil and gas prospecting and nuclear reactor
monitoring. A high quality epitaxial Schottky SiC device has
been characterized for particle detection at high temperature
and extended periods. The I/V and C/V characteristics imply a
normal behaviour expected from this type of Schottky diode.
BH decreases with increasing temperature while IF increases
with increasing temperature. There was a small variation in
resistivity of the device with temperature increase yielding an
activation energy of 5.98 ± 0.64 meV. Approximately 90%
CCE was achieved for all measurement temperatures. The
contribution of leakage current to the energy resolution in
the system becomes relatively low at high temperature and
low bias voltages (i.e. ≤50V); whereas at 450K and 500K the
FWHM was almost constant up to approximately 80 V. The
alpha spectra recorded for 24 hours vary with time for the
first eight hours and, remain stable for the remaining 18 hours.
Similarly, the leakage current stability was reached faster at
higher temperatures. Hence, high temperature operation of
the studied SiC diode operated as charge particle detectors
resulted in better stability and energy resolution than at room
temperature. This further confirms the potential of SiC diodes
for oil and gas prospecting and future work will need to show
whether this result can be extended to other types of SiC
diodes and whether the performance can be maintained under
vibration.
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